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Design of integrated business-IT solutions is the 
main theme in the Business Information Technology 
programme (BIT) at the University of Twente. Our 
mission is to teach students to design solutions that are 
needed instead of solutions that are asked for. This makes 
requirements engineering an essential part of our 
education in business-IT alignment. Integration of 
requirements engineering (RE) in several courses is 
combined with challenging the students by authentic 
cases, taken from business practice, in which they have to 
apply theory and train their competences. This 
combination results in reflection as well as in RE 
experience and insight in the importance of requirements 
analysis.  
In this position paper we outline how RE is 
integrated in the BIT programme and we discuss the 
project course BIT Ltd. in more detail. 
 
1. Introduction 
Business-IT alignment is a goal in the development 
of effective and efficient enterprise application systems. 
This alignment needs to be worked out at all levels: 
strategic, tactical and operational.  Business Information 
Technology (BIT) students are educated for development 
tasks in this domain.  
The BIT programme at the University of Twente 
consists of a 3-year B.Sc. and 2-year M.Sc. programme. 
It is a joint effort of the Faculties of Computer Science 
and of Management Science. The BIT curriculum 
contains regular subjects from both disciplines, as well as 
courses that aim to integrate this knowledge. Some of 
these integrative courses are projects, in which student 
teams address complex case studies or real problems. 
Analyzing the needs in changing organizations and 
combining these with technological possibilities has to be 
based on knowledge and understanding of requirements 
engineering. In the past three years we have made an 
effort to make RE a more extensive and explicit part of 
the BIT program. We’re still looking for improvements, 
but some of our experiences may be worth sharing with 
others. 
In this position paper we outline how RE is 
integrated in the BIT programme and discuss one pivotal 
course in more detail. 
2. Characteristics of the BIT programme 
A variety of ways of teaching are used in the courses 
of the BIT programme: projects, labs, paper writing, as 
well as theoretical courses. This variety is related to the 
three main characteristics of the programme: active 
learning, training of skills combined with knowledge 
development and attention for the systematic use and 
selection of methods and techniques. These three 
characteristics are explained in more detail. 
Learning by doing is the first characteristic of the 
BIT programme because active use of theory strengthens 
understanding and insight [7].  
 
Fig 1. Single- and Double-loop learning ([10]) 
 
First, theory is applied in simple and well-known 
situations. Reflection results in improvement of actions, 
single loop learning [5,6]. This is a simple feedback loop, 
where outcomes cause adjustment of behaviors. In 
general goals, beliefs, values, conceptual frameworks, 
and strategies are taken for granted in these situations, 
without critical reflection.  
Second, real insight is obtained in applying theory in 
complex and unknown situations. Complex situations are 
offered in projects. Dialogue about the motivation for the 
selection of specific theories or methods and about their 
usefulness is essential in stimulating reflection that goes 
beyond the way of acting, double loop learning [6,7]. 
Double-loop learning involves critical reflection upon 
goals, beliefs, values, conceptual frameworks, and 
strategies. It is essential for lifelong learning and 
participation in theory development.  
Explicit training of skills is a second characteristic of 
our program. Here we use the Just in Time approach [3], 
training of skills shortly before they necessarily need to 
be applied. Therefore we integrate the training of the 
skills in courses that include projects. Training of 
communication skills is focused on the writing of design 
documents. Management and project skill training 
includes the training of team-building, interviewing, 
negotiation and conflict handling.  
Methods and techniques for software engineering as 
important subject in several courses is a third 
characteristic of our programme. Not only the specific 
methods themselves but also the motivated selection and 
evaluation of usage is an important issue. 
Due to external circumstances, our university 
programmes have changed several times in the last three 
years. The main cause is a radical change in the 
university system in the Netherlands, in which the old 4-5 
year doctoral programmes are replaced by separate 
Bachelor and Master programmes.  
We have used these changes to improve the 
requirements engineering aspects of the BIT programme.  
3. Requirements engineering in BIT 
programme 
Like all design activities, we see requirements 
engineering as skill that can only really be learned by 
doing. However, doing is not enough, one needs to have 
acquired appropriate theoretical knowledge as well. The 
theoretical knowledge and practical skills reinforce each 
other.  
A complex skill as requirements engineering can not 
be learned at once but needs repetition and improvement 
based on reflection. Therefore we have chosen to 
integrate RE as an explicit part in different courses. This 
can cover the subject more comprehensively. However, in 
order to make it work, it is necessary that the RE parts in 
the different courses are well coordinated and the 
students are required to reuse knowledge and skills 
gained at previous courses. (Unfortunately, the way our 
university programmes are organized does not make this 
self-evident!) 
So we have requirements engineering as a ‘thread’, a 
recurring theme, in our Bachelor and Master programme. 
This thread starts with the theoretical course 
“Requirements Engineering” in the second year, using 
Lauesen's introduction to RE [1]. Preceding this, the 
students have followed courses on information system 
specification techniques and on business process design. 
Before that, two project courses are organized in the first 
year where skills are trained and a requirements analysis 
must be done. The flagship course of the RE thread is 
called ‘BIT Ltd.’, in which groups of students, acting as a 
limited company, do projects for customers outside the 
university. It is at the end of the third year. The following 
table gives an overview of the courses that play a role in 
the RE thread in the BIT programme. 
Improvements in our programme were often related 
to stimulating reflection. There are indications that it is 
more effective to have reflective group discussions during 
projects than to ask students to write a reflection 
afterwards. 
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Orientation ICT  
Project in which a web application 
for an authentic customer  is 
designed and build and writing 







Theoretic Course based on 
Lauesen [1] 
BIT Ltd.. 
Project in which knowledge is 
applied and extended. Includes an 





Problem Analysis and Software 
Requirements 
Extending theory and Analysis of 
requirement specification cases 
Advanced Requirements Engineering 
Individual research related to 
requirements engineering 
Having sketched the thread of RE teaching in the 
BIT programme, we now zoom in on the role of BIT Ltd.  
3. BIT Ltd. 
BIT Ltd. is a third year (10 EC) project course at the 
end of the bachelor in which authentic cases are provided 
and supervised by Dutch IT organizations. 
3.1. Aims: 
In BIT Ltd students are challenged to apply 
knowledge, methods and techniques as well as skills 
educated in the programme. Moreover they are expected 
to extend knowledge, skills and methods where 
necessary.   
3.2. Organization: 
?  Authentic cases provided by Dutch IT organizations  
?  Competition: The students are divided in two groups 
which are virtual consulting companies and 
competitors. Each group operates as a BIT Ltd. and 
has to develop solutions to real IT problems of real 
companies. Each BIT Ltd. gets the same set of 
problems. Each problem has to be handled by project 
teams of 4 or 5 students. The teams communicate and 
negotiate directly with their customers and have to 
obtain the information they need at their own 
initiative. The student teams have to analyze the 
problem and to design a solution in which IT as well 
as organizational aspects are taken into account. 
Finally they have to produce a quotation for the 
implementation of the developed solution. The BIT 
Ltd. that comes up with the best solution wins the 
contract (and these students get the best marks) for the 
implementation of their solution. So for each problem 
one of the BIT Ltd.’s becomes a winner. The 
customers, the real companies, explain why they have 
chosen a solution and what they like in both solutions 
and processes and what could have done better by the 
teams.  
? Information needs: A short (vague and incomplete) 
description of the problem is given to the students. 
The description contains jargon and cannot be readily 
understood. More information needed by the students 
is to be obtained by interviewing their customer. An 
interview that follows a presentation of the customer 
is organized as part of the kick-off meeting. 
? Project structure: It is prescribed that the students 
develop the solutions in five phases: 
1. acquisition and problem definition 
2. requirements analysis 
3. conceptual design 
4. detailed design 
5. submit quotation  
At the end of each phase documents are delivered and 
results are presented to the customer. The meetings 
with the customer are also used to obtain information 
for the next phase. 
? Project management: Each student has to be project 
manager of his team in at least one phase. Project 
managers of a BIT Ltd. meet on a weekly base in 
attendance of a lecturer, the project management 
coach. 
? Quality control: In addition to meetings with their 
customer at the end of each phase, also meetings with 
a quality of review board (QRB) are part of the 
process. The QRB, consisting of two lecturers, looks 
especially at the methods and techniques that were 
used as well as the justification of their selection.  The 
QRB decides whether quality is good enough to send 
deliverables to the customer.  
? Reflection reports: Each project manager delivers a 
reflection report after the phase in which he/she was 
project manager. In this report used theory and 
methods as well as their selection and the project 
manager function need to be evaluated.  
? Reflective discussions: After meetings with the 
customer, QRB or project manager short reflective 
discussions are organized. Everybody leaves the game 
and feedback is given to each other among the 
students and from the experts to the students. 
3.3. Materials used in the requirements phase 
For a number of years the course materials included 
suggestions about how to develop requirements 
specifications [8]. The students were suggested to explicit 
formulate: 
1. the current situation 
including stakeholder analysis      
2. the ideal situation  
including mission statement with goal and scope 
3. the reachable situation 
4. requirements specification 
 
A small but very important extension (hindsight is 
always easy) is the suggestion to prioritize requirements. 
The MoSCoW (Must Haves, Should Haves, Could 
Haves, Won’t Haves) approach was given as an example 
[4]. 
4. Requirements Engineering in the BIT 
Master programme  
In the Netherlands master programmes are viewed as 
a logical second part of academic programmes. Students 
having the intellectual abilities are expected to have their 
B.Sc programme followed by the corresponding M.Sc 
programme. (It is allowed to switch to a master 
programme in another discipline.)  
The BIT master programme is characterized by 
research orientation. This also holds for the Requirements 
Engineering education in the master programme. A 
stronger theoretical insight based on the knowledge and 
experience developed in the bachelor programme is the 
goal of the Problem Analysis and Software Requirements 
course. In this course research papers are discussed and 
besides this project documents are analyzed on several 
aspects of requirements specifications and their use. 
In the Advanced Requirements Engineering course 
students have the possibility to work out their own 
research paper on a subject of the domain. 
5. Lessons learnt in BIT Ltd. 
BIT Ltd. is an important course in the BIT 
programme and in its RE thread. Insight in the 
importance of requirements analysis and communication 
skills is obtained by experience. Reflective discussions 
are organized to stimulate the improvement of 
competences by double loop learning. The integration of 
a diversity of theoretical aspects in an unknown context 
stimulates the needed critical reflection. 
The lessons learnt and used in improvements are: 
Reflection 
? Explicit individual reflections in reflection reports of 
students are often very global and not related to goals 
or conceptual frameworks although asked. For 
lecturers it is hard and time consuming to review 
these reports. In reflective discussions between 
students and lecturers or experts the quality of 
reflections is much better. And reflection related to 
product or process improvement seems to work best. 
? Writing of reflection reports must not be asked at the 
end of a course. It is frustrating because the results 
can not be used by the students in the same course. 
Identifying tasks and writing reflection reports at the 
end of each task works better. 
? Challenging students by unknown complex situations 
stimulates good students to reflect and the weak 
students to complain. 
Authentic cases and RE 
? Authentic cases and competition challenge the 
students. The competition makes students realize the 
importance of requirements engineering because they 
want to do a better job, satisfying the customer more, 
than their competitor. This makes them very 
interested in the customer's needs.  
? Students believe that the customer exactly knows 
(has to know) what kind of solution is needed. In the 
requirements analysis they discover that this is not 
the case, and they experience that it is their task as 
expert and advisor to get clear what is really needed. 
Prioritizing of requirements 
? In our previous instruction material for the 
requirement analysis, we suggest 4 steps: current 
situation, ideal situation, reachable solution, 
requirements specification. Quality of the require-
ment analysis is improved significantly when the 
suggestion is added to prioritize the requirements by 
for example the MoSCoW [4] approach. 
? It is hard for students to look beyond what is asked 
by a customer. Prioritizing requirements, and 
discussion of this and other models [2], support 
continued questioning and therefore is important to 
overcome this barrier.  
? In addition to the provided materials, the students 
discover and like to use information from Volere[10] 
Skills 
? Because of preceding projects and courses, students 
were aware of the importance of taking into account 
the view of stakeholders and of adapting their view 
on the problem when new information becomes 
available.  
? Although our students had interview training in the 
first year, not all of them had developed these skills 
well enough. Preparing interviews is underestimated 
by half of the students.  
? Students find it difficult to ask for possibilities to 
interview other stakeholders than the persons of the 
customer they are contacted with by the course 
organizers. 
Quality and requirements analysis 
? The students that presented a systematic view on the 
problem before they started the requirements analysis 
delivered a better result in less time. Explicit 
presentations of the students view of the problem 
therefore appear to be useful. 
? Project teams that do their requirements analysis well 
are also successful in the rest of their project. 
6. Conclusions 
In this paper we gave a brief overview of the 
Requirements Engineering activities in the Business 
Information Technology programme at the University of 
Twente. The programme has been modified substantially 
in the last few years, and we are still in the process of 
evaluating the effectiveness of the RE ‘thread’ in the 
programme. 
Our approach is based on the following principles: 
? Learning by doing is essential in requirements 
engineering education (as is the case for other design 
activities). 
? Reflection and double-loop learning is an essential 
element in acquiring a complex skill like 
requirements engineering. 
? The effectiveness of the RE education is improved 
by embedding elements of RE in different courses, 
including project courses in which students work on 
authentic cases. 
Conclusions that can be drawn from our first 
experiences with the new programme: 
? Including an explicit requirements engineering phase 
in the course BIT Ltd., with explicit links to previous 
courses in the programme, improved the quality of 
the produced requirements specifications. 
? Asking students to prioritize requirements, in 
consultation with the customers, appeared to be 
helpful for getting a real insight in the customer’s 
needs. Obviously, this improves the negotiation and 
the quality of the requirements specification as well 
as the solutions.  
? The students having to work out the conceptual 
design confronted them with the result of their 
requirements analysis and with invented 
requirements. 
? Competition is challenging as long as all teams have 
the opportunity to win. Marks were given at the end 
of each design phase by customers as well as QRB. 
The marks could be viewed by all students and were 
interpreted by the students to both: chances of 
winning and end marks. In the second half of the 
project this appeared to decrease motivation.  
? Having three parties to be satisfied, Customer, QRB 
and director caused discussions about the criteria 
used by the parties. As long as the differences can be 
handled, constructive friction, it is stimulating. It 
asks care not to get destructive friction.  
? Role interchanging improves insight [9]. 
? Coordination of a thread is hard especially when all 
courses have different responsible teachers which 
causes own dynamics for each course. 
? Reflection, in order to be effective, should not be 
done in retrospect, at the end of a course, but during 
a course, when the new insights gained by reflection 
can be immediately applied to improve the project at 
hand. 
 
We conjecture that the explicit and effective 
reflection built into the course BIT Ltd. has a more 
lasting value for the students. It is the attitude of a 
reflective practitioner that we’d like the students to 
acquire, which 
could help them to better handle problem cases in 
subsequent courses and in their professional life. Whether 
they really pick up something from this in the long run 
yet remains to be determined.  
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